and ecological perspectives need additional scrutiny. Let us bet that the ongoing crisis is deep and challenging enough for public awareness of that issue to provide a suffi cient incentive to undertake a radical change in global economic organization.
ECONOMIC CRISIS AND THE ECOLOGICAL OPPORTUNITY
Almost 40 years after the Meadows Report and the idea of zero growth (Meadows et al., 1972) , one can acknowledge that our industrial development mode is bringing ecological disaster and that merciless constraints weigh on our survival into the future. During the twentieth century, greenhouse gas emissions doubled, provoking an accelerating level of climatic disorder. The international convention on global warming and the Kyoto Protocol aimed at reducing these emissions and at seeking climatic equity. In fact, although the poorest countries' emissions are low, they may still face quite severe eff ects from warming. Because of human activities, living species are disappearing at a rate of 1 per cent each year. Preserving biodiversity, forests, water, oceans and littorals, and fi ghting desertifi cation and the strong dependency on fossil fuels which are rapidly becoming exhausted, have become a requisite for human life. The perspective of a global ecological crisis sends each player back to confront his responsibilities. Besides, it is necessary to promote at the same time economic, social and cultural rights enshrined in the Millennium Development Goals 1 , all by taking into account poverty and the strong economic and social inequalities that are becoming more and more accentuated by the present world crisis. In front of the apocalyptic images and catastrophic scenarios that fl ood the media, acting for sustainable development has become the inescapable watchword, at all levels of decision-making. Pressure on the most polluting nations should make them reduce their ecological footprint -they are responsible for the ecological defi cit produced by the world economy as they mobilize more resources than the biosphere is able to regenerate.
If the environment is a very topical subject in the fi elds of Economics and Management, its integration in economists' models of thought is not new. Physiocrats considered the land as the origin of wealth. The Classics considered nature as a huge store where everyone could come and go without paying, to use J.B. Say's expression. The contemporary liberal economic analysis has considered pollution as a negative externality and has developed models that aim to absorb or internalize such externalities. The polluter pays principle, as a public policy measure, is the expression of Blandine Laperche, Nadine Levratto and Dimitri Uzunidis -9780857937018
Downloaded from Elgar Online at 12/04/2018 09:53:57AM via free access such an approach. At the same time, neoclassical economists consider that the diff erent forms of capital (natural, man-made, social and fi nancial) are substitutable with one another, which gives technology and innovation an important role as natural capital reduces. In contrast to that approach of 'weak sustainability' (Pearce and Atkinson, 1995) , the 'strong sustainability view' (Daly, 1992) argues that the existing stock of natural capital must be maintained and enhanced because the functions it performs cannot be duplicated by manufactured capital. Thus, for followers of the strong sustainability approach, economic policy has a major role to play in the preservation of the environment. In managerial thinking, the introduction of the environment in the analysis of the enterprise is more recent, dating from the middle of the twentieth century, and it was at fi rst very closely linked to philanthropy and religious ethos. The very popular notions of corporate social responsibility and stakeholder theories then developed and have now become central to any managerial analysis. Researchers describe and assess the diff erent reasons why fi rms should integrate the environment in their strategy (combining public constraints, image, cost, profi tability and competition). The question remains whether or not fi rms' actions are suffi cient to face the ecological jeopardy. Being part of an economic and social system, a collective and political approach appears necessary to reduce or eliminate the costs, lockin eff ects and barriers that continue to bridle their responsible behaviour.
As a matter of fact, confronting economic and management theories with economic reality leads to a new paradox. For a long time now, scientists have tried to fi nd ways and arguments to improve the functioning of markets and the behaviour of agents in order to preserve the planet. However, in economic reality, the economic agents' actions (enterprises and consumers) towards the environment have for a long time remained in the background around the globe -apart from in some hotspots like California, the birthplace of an eco-tech revolution largely pushed by the state's intervention and the industrial atmosphere that characterizes the ex-Silicon and new Green Valley. However, even in such greenwashed systems, carbon emissions remain at a high level, testifying the diffi culties of a transition towards an ecological economy.
2
The current economic context -a global economic crisis that began in 2007 -could however be a turning point for our economies and societies. Periods of crisis are also periods of opportunity. As demonstrated by Schumpeter, crises can become periods of conception of new techniques, processes, and organizations that are launched on markets and implemented by new entrepreneurs. The economic crisis could then appear to be an opportunity to boost the transition towards a new economic model that is more aware of ecological considerations. (Andersen, 2010) , encompasses technological change -whether major or minor -and more organizational and institutional change (OECD, 2009; Kemp and Pearson, 2008) . Industrial symbiosis, like Kalundborg in Denmark, is an example of such systemic change. However, the ecological opportunity goes beyond an economic revival based on green business. This is not only an opportunity to raise immediate profi t, but also an occasion to rethink and radically change the lifestyles and the social relations that characterize accumulation, work, consumption, education and free time.
As a matter of fact, the current limits of the economic cycle suggest that one should think of the economy in terms of the environment that surrounds it, rather than the opposite. It will be necessary to make a success of this revolution in thinking and of its economic connections, in order to design an eco-friendly economy and one that is determinedly turned towards sustainable development. However, the permissive conditions of the valuation of all scientifi c and technical knowledge -and of all the monetary wealth accumulated in environmental protection -can bear fruit only if the economic relationships are modifi ed. For their part, the economic relationships -and logics -change by a voluntarist political intervention, which itself refl ects the pressures of social need. Whether it is done through mechanisms for development that respect natural resources, applications of science to production, or transfers of technologies within countries, the relationship between human activities and nature must be revised and corrected. This is a question of conceiving a system of global governance whose relevance would be evaluated by its capacity to modify the objective of global performance and whose effi ciency would be measured by its ability to subject the economy to environmental and social imperatives. In every case, the present crisis cannot be resolved without the intervention and the application of new roles, functions, rules, and economic principles. A crisis really is the laboratory par excellence of technical, organizational and social innovation.
THE ECOLOGICAL OPPORTUNITY AND THE ROLE OF INNOVATION
-and are still being -studied in several important works (Schumpeterian and neo-Schumpeterian analyses, endogenous growth theories and so on). Although Schumpeter emphasized a multiplicity of innovation forms, in most of those analyses the accent is essentially put on technological innovation (based on research and development). Public policies for the support of innovation that are inspired by Schumpeterian analyses are henceforth at the root of all scientifi c and technological initiatives. Relatively recent preoccupations with durability, whether they concern social sciences or the public debate, invite the substitution of the question of growth with the question of sustainable development -considered in three dimensions: economic, ecological and social. In other words, they invite the integration of durability into economic and scientifi c systems. In a sustainable development context, technological innovation plays an ambivalent role: it is the source of the problem -on the ecological side -and, at the same time, it represents hope for a solution. However, the change in orientation -from growth to sustainable development -also invites one to think more fundamentally about the nature of innovation.
The current economic and social crisis invites us to discuss sustainable development through environmental innovation and global environmental policies as a basis for a new economic and social organization founded on conserving energy and resources and developing renewable energies. The economic analysis of the relationship between innovation, performance, profi t and ecological opportunity should include environmental constraints as the ultimate limit of the development of the market economy (Journal of Innovation Economics, 2009). As reminded by Nicholas Stern, greenhouse gas stabilization is crucial and 'a central challenge is to provide the economic tools necessary as quickly as possible, because policy decisions are both urgent and moving quickly . . .' (Stern, 2008, p.1) . The way to achieve such a goal is, however, anything but simple as changes have to intervene not only at the margins or in an additional way, as in the case of end-of-pipe technologies, but also in the whole system. That entangled and systemic perspective, going from conception to consumption and passing by a production process, jeopardizes the transition towards an ecological economy defi ned as '. . . an attempt to overcome the traditional frontiers to develop an integrated knowledge of the bonds between ecological and economic systems' (Costanza, 2007) .
The start of the green economy 3 diff ers from the beginning of the information and communication technologies (ICT) age in the role played by key technologies. Whereas techno-economic paradigms (Freeman and Perez, 1988, Perez, 2010) rest upon a main generic technology, nothing similar happens in the actual process. In contrast, the green economy results from a combination of available and already used technology Here social relations would be the starting point, such as fears about the greenhouse eff ect, ecological catastrophes, public policies, consumer awareness and more largely stakeholders' desires. The remaining questions would then concern the nature of the changes necessary to achieve progress towards sustainability and the transition process.
THE NEED FOR GLOBAL GOVERNANCE
Environmental constraints have infl uenced the development and the expansion of capitalism as an entrepreneurial and opportunistic system of components and objectives. Indeed, this system, characterized by a resource-and energy-heavy mode of development, has depended on constant territorial expansion. New horizons were discovered as soon as the territory under domestication was exhausted and could no longer feed demographic growth. As a consequence, the constantly evolving technological prowess of the West, based on its continuous need for more resources, led to its economic and political dominance. Today, the limitations of the Western approach are also becoming obvious, made painfully clear by global warming and the lack of suitable territory for further expansion. Quoting Mitchell, one may consider that
The leading industrialized countries are also oil states. Without the energy they derive from oil their current forms of political and economic life would not exist. Their citizens have developed ways of eating, traveling, housing themselves and consuming other goods and services that require very large amounts of energy from oil and other fossil fuels. These ways of life are not sustainable, and they now face the twin crises that will end them (Mictchell, 2009, p. 400 In those conditions, the focus in all countries becomes more and more oriented towards sustainability, even if discourses against sustainability are still very vivid. The same phenomenon happens in some emerging countries where green-tech is taken into account as a profi table investment opportunity, even if the green way is still fi lled with many barriers.
Sustainability requires political will and an adapted governance system. Multiple gaps show that the current governance system is in a crisis of legitimacy and that sustainable development remains a utopian objective. That provokes a pragmatic refl ection on the possibilities of improving the effi ciency of global governance, principally by a more concrete consideration of environmental and social problems at the expense of the profi t motive. A revival of the role of adequate institutions at the national level in promoting sustainable development is a clear imperative. For example, a broad macroeconomic innovation policy framework for ecologically sustainable economic development is needed. Climate change is the inconvenient truth now faced by all national and regional communities, but the existing economic paradigm is clearly inappropriate to respond eff ectively and timely to those ecological concerns. A completely diff erent economic framework, based on economic activity that is satisfying -under conditions of ecological uncertainty -rather than optimizing -under conditions of calculable risk -is required to address the ecological concerns of the future.
The purpose of this book is to highlight the question of the relationship between innovation, growth and sustainable development and to discuss the necessary conditions to catch the ecological opportunity and enter a new green age, at the world level. In that endeavour, the authors adopt combined approaches: history, economic thought, international political economy, innovation economics, spatial economics and management.
The book is structured into three parts: the fi rst part analyses the strengths of change for building a new society. The behaviour of fi rms and of consumers -supported by an incentivising regulation framework -and technological and organizational innovation appear to be the main drivers for building a green economy. The chapter authors in Part I also stress the diffi culties linked to the change in behaviours and examine the need to take account of more political aspects. The debates on the state of the environment and on the role of nature in the economy are not new. Part II comes back to the theoretical origins of environmental concerns -notably through the writings of the Physiocrats and the Classical theorists -and puts forward the political aspects of the ecological opportunity. Finally, in Part III, the authors analyse the way the ecological opportunity is being taken up in diff erent parts of the world. They end by sketching the outlines of a global governance system that can support and promote sustainable development. the environment involving all the major stakeholders), the king of nuclear power, and the country that once planned to become the largest economy to impose a direct tax on carbon -learn from the 'made in California' clean-tech revolution? This chapter also shows that greening the economy comes with a political cost.
Chapter 2 aims to demonstrate the role fi rms play in the transition towards an ecological or green economy and to reassess the role they play in connection with other economic agents such as public institutions. As economists, Blandine Laperche and Nadine Levratto debate the role of the fi rm as a necessary and suffi cient actor to face the ecological jeopardy and, simultaneously, to spur major technological and social change. They reassess the reasons why fi rms should be motivated to introduce ecoinnovations, knowing that the immediate consequence will be an increase in production costs. External and internal incentives are thus introduced to justify the reason why the change may come from a corporate level. The authors then study the way fi rms manage to develop new capabilities to implement eco-innovation and to raise the question of feasibility. What are the conditions to be fulfi lled at the fi rm level to pass from a society characterized by fossil energies and carbon emissions to one more careful of the environment and pollutions? They highlight the limits of a microperspective and put forward the constraints fi rms face during this transition stage. They conclude that fi rms can neither be the sole nor the main actor in the ecological challenge and that, instead, a collective view shared by the diff erent components of society is required.
On the demand side, consumers also need to change their habits and adopt more sustainable consumption. An economic approach to sustainable consumption involves a discussion on how to include environmental dimensions in preferences and how those preferences may aff ect consumer behaviour. In Chapter 3, Nathalie Lazaric and Vanessa Oltra show the reason why an evolutionary approach to consumption provides new insights for the debate on sustainable consumption, in particular on change factors and inertia in consumer behaviour. In explaining the presence of potential habits and routines in daily consumption, an evolutionary approach sheds light on dispositions, motivations and a potential gap between intentions and actions in daily life. Such an approach may, according to both economists, stimulate two types of changes in consumption patterns: minor changes in consumers' habits and/or structural modifi cations to patterns of consumption. Those evolutions involve different degrees of change between weak and strong sustainable consumption. Lazaric and Oltra use that distinction to derive specifi c behavioural learning mechanisms. They address the various implications of sustainable consumption at diff erent levels of economic activity (micro, meso, macro). Weak sustainable consumption can be achieved through habitual practices that can be modifi ed to achieve greater environmental eff ects. More responsible sustainable consumption involves greater eff ort at the meso level and possibly new routines. They discuss the conditions for achieving these two types of eff ort and the transformations to economic activity that are required.
In Chapter 4, the economist Arnaud Diemer wonders if technology can really be the foundation for sustainable development and if so, whether a myth is not being built that will limit individual and collective eff orts to reduce pollution. To answer these questions, he proceeds in three steps. First, he shows that eco-technology recommends that industry proceed with a series of operations to streamline production: optimization of energy consumption, minimization of material waste, and reuse of waste as raw materials in other yield processes. If technology is a technical solution to recycling waste, it must necessarily be associated with organizational innovation (Kalundborg's industrial symbiosis) if it is to answer the environmental challenge. Secondly, Diemer specifi es that if technology is the key for future generations, it is necessary to analyse what is a myth and what is an environmental revolution. The dematerialization of capitalism suggested by new information and communication technology illustrates such a dilemma. Most of the time, studies on sustainable development ignore the potential increase in energy consumption that is known to Blandine Laperche, Nadine Levratto and Dimitri Uzunidis -9780857937018
Downloaded from Elgar Online at 12/04/2018 09:53:57AM via free access result from below-cost energy effi ciency improvements. This is known in the energy economics literature as energy demand rebound or backfi re. If the computer age means an increase in productivity, it can also involve an inexorable waste of raw materials (we consume more paper with the use of computers and printers). So green growth is not a good friend, only a way to stimulate economic growth and employment, without considering a more general vision of society. The author fi nally concludes that sustainable development is the combination of technologies, organizational innovations and changes in lifestyles. Manufacturers and consumers will have to change their habits if they want to improve their welfare without suff ering from environmental degradation. This is another way of saying that industrial ecology needs to merge with political ecology in order to propose a new model of living.
Theoretical Origins and Political Aspects of the Ecological Opportunity
In Chapter 5, Willem Hoogendyk, the director of a non-profi t organization that promotes de-growth, shows that by reducing the process of photosynthesis and by needing ever more energy, modern progress is completely reversing the development of life on Earth, to which humans owe their existence. That progress consists in a money-driven productivism and consumerism of which the rich and emerging countries have become the prisoners. The mentality of modern humans has been moulded by that economy. The author explains the spiralling dynamics in which our society has become entangled. In order to preserve the planet for our greatgrandchildren, the author suggests pathways to re-green the Earth. They imply turning money from master into servant, calming down productivism and democratizing the economy. That could be done, according to the author, by replacing the money-driven economy of supply by an economy of demand which would remain within ecological limits, making production and trade more fl exible, and relocating activities to develop the subsistence sector -that is to say an economy based on responsible demand. For a lot of economists and intellectuals, ecological economics was born during the 1960s. However, the roots of that fi eld of research are deeper. Since the nineteenth century, and even before (during the seventeenth and eighteenth centuries), scientists -especially economists and naturalistshave developed compelling thoughts about the eff ects of economic activity on nature (about pollution and resource depletion). Of course, that refl ection took place in a particular historic context marked by the industrial revolution. In Chapter 6, Sophie Boutillier, economist, and Patricktheir chapter, they analyse the works of authors who have contributed to linking economic and ecological approaches. These authors have set footbridges between two scientifi c disciplines since the nineteenth century. Indeed, Thoreau, Reclus, Möbius, Friedrich, Ratzel, Marx and Engels could be viewed as would-be boatmen whose infl uence on the development of ecological economics is yet to be assessed.
In Chapter 7, Pierre Le Masne studies the ideas of Quesnay, Turgot, Smith, Ricardo, Cournot and Marx about the respective roles of land and labour in production, compared to those of neoclassical and ecologist economists. The comparisons are based on two points, the role of nature and natural capital in production and the renewability of natural resources. Le Masne raises the question of the status of nature. As an economist, he considers two opposing cases present in the literature. Is nature 'natural capital' which takes part in production, like labour and capital, as neoclassical and ecologist economists say, or is it rather a resource pool for men, a source of use values necessary for production without being itself a factor of production? Quesnay and Turgot consider economics as a regeneration process. Economics has analogies with biology, and nature has its own reproduction circuits. Quesnay, Turgot and also Cournot question the renewability of natural resources, and anticipate contemporaneous industrial ecology (Suren Erkman) and sustainable development. The author concludes that economics should be inspired by the Physiocrats and the classical theorists in order to explain the real role of nature in production and the consequences for sustainable development.
In Chapter 8, the economist Jerry Courvisanos develops a theoretical approach to explain why it is diffi cult to shift away from the current ecologically unsustainable technology systems. The aim is to identify within capitalism the political aspects that enhance, but also undermine, the positive transformational power of innovation policies. As such, this chapter follows the approach of Michał Kalecki, who identifi ed within capitalism the political aspects that enhanced and undermined the positive transformational power of Keynesian full employment policies. That analysis provided the basis for heterodox economists to analyse post-World War Two economic policies from a political economy perspective. Using a critical realism ontology, this chapter provides a heterodox analysis of an economic policy framework that identifi es what government and business support as innovation policies. From that, a critique emerges to assist in developing public innovation policies to produce an eff ective innovation system with ecological sustainability.
In Chapter 9, Dimitrios Patelis, an economist, recalls that nature is involved in the production activity of humans, in relation to each level of development of productive forces and the correlation of the latter to the Blandine Laperche, Nadine Levratto and Dimitri Uzunidis -9780857937018
Downloaded from Elgar Online at 12/04/2018 09:53:57AM via free access dominant production relations. As a result of the intensity of the quarrel during conditions of crisis -which occurs between the poles of labour and capital at a global level, between the monopoly associations, between old and new imperialistic poles, between monopolized and non-monopolized capitals and so on -and the resulting changes of global current events, the author explains that capital has the tendency to resort to the following solutions, or a combination of these: the relocation of production (spatial fi x); technological reconstructing of production (technological fi x); transport to more lucrative, less concentrated branches of production (product fi x); and exodus to the fi nancial sphere (fi nancial fi x), through the sale of production units, and the turn to fi nancial or other temporary investments. The combination of these solutions may lead to a temporary respite from the crisis of capitalism, creating a new fi eld of accumulation that is more conducive for the safeguard of an ideological consensus-hegemony (that is in the form of green development).
An Ecological Opportunity in a Changing World
Pierre Guguenheim, a former political activist, comes back in Chapter 10 to the role of money and fi nance in the current economic, social and environmental crisis facing the world. He also explains that to maintain their environmentally and socially destroying model, governments implement more and more security measures. Social and environmental movements, aims, histories and cultures are entirely diff erent. But only their joint eff orts can produce the balance of power needed to catch this ecological opportunity and to slow down the performance race that leads to environmental destruction. According to the environmental Kuznets curve, there is an inverted U-shape relationship between pollution and economic development: during the early stage of economic development, environmental quality tends to worsen with increasing income. Then, when basic needs are satisfi ed, income reaches a threshold level at which worries about the environment increase. The trend is thus reversed; beyond that threshold level, economic growth improves environmental quality and particularly reduces pollution. Following Roberts and Grimes (1997), in Chapter 11 the economists Thomas Jobert and Fatih Karanfi l study the temporal instability of the environmental Kuznets curve for a panel of 51 countries over the period . Their results show that: (1) an inverted U-shape curve appeared in the early 1980s; (2) environmental effi ciency has increased over time as the coeffi cient of carbon dioxide (CO 2 ) emissions per unit of primary energy consumption has decreased; (3) turning point income displays a rising trend, increasing from US$10 000 in the early 1980s to almost US$20 000 in 2008. According to the authors and in line with previous works, the existence of an inverted U-shape curve is less due to countries passing through stages of development -from dirty to clean -and is instead the result of effi ciency improvements in a small number of rich countries.
As a matter of fact, clean technologies are considered to be an important new sector by most advanced emerging countries. These countries see in clean-tech a historical opportunity to redefi ne their development strategies on new economic, social and environmental bases. However, there are serious barriers to such green growth policies in advanced emerging countries and developing countries, as explained by the economists MarcHubert Depret and Abdelillah Hamdouch in Chapter 12. They identify and analyse the key issues related to such opportunities and barriers. They fi rst examine the contours of green growth. Second, they identify the main public and private initiatives in advanced emerging countries and developing countries devoted to the green sectors. They sketch several generic national environmental innovation models in advanced emerging countries and developing countries, and identify the key barriers to the emergence and diff usion of environmental innovations and activities in these countries.
The last chapters deal with the need to rebuild our economies. Once the shortcomings of a system based on profi t maximization are revealed, rebuilding our economies implies defi ning the characteristics of a global system of governance aimed at protecting the environment, and thus at reconciling innovation, growth and sustainable development.
The object of the economists Lamia Yacoub and Dimitri Uzunidis in Chapter 13 is not to wonder about the pertinence of sustainable development, which in fact has been demonstrated, but rather to disclose the causes that make that objective so hard to achieve and the way to approach it so diffi cult to emphasize. In that perspective, the authors demonstrate that the current global governance system is undergoing a crisis of legitimacy, because its ineffi ciency is incontestable in the face of the utopian objective of sustainable global development. By analysing the causes of that ineffi ciency, they bring to light the true imperatives of such a development. On the one hand, they emphasize the role of science and technology policies targeted towards environmental protection, since they are a powerful public lever of eco-innovation promotion and diff usion. On the other hand, the authors put forward the importance of a collective management of natural and human resources and a more equitable distribution of revenues at the global scale. However, only the convergence of national scientifi c and technology policies and of global governance may modify the economic thought and relations in the aim of building a global sustainable economy.
In Chapter 14, André Gabus and Alexander Hawthorne, experts in sustainable development, lay out some possible measures of world governance on the basis of some of the Stiglitz Reports' proposals, 4 notably the creation of an international debt restructuring court, suggestions for development of innovative sources of fi nancing, some of which could support environmental measures, and the important but politically and technically complex problem of creating a new global monetary reserve system. To the extent that these proposals can be translated into reality, they would help to remedy the defi ciencies the crisis has revealed and promote both fi nancial stability and environmental protection, illustrating a major premise advanced in the foreword to the report: 'An economy is [. . .] 
